We present a detailed analysis of the bright Cepheid-type variable star V1154 Cygni using 4 years of continuous observations by the Kepler space telescope. We detected 28 frequencies using standard Fourier transform method. We identified modulation of the main pulsation frequency and its harmonics with a period of ∼159 d. This modulation is also present in the Fourier parameters of the light curve and the O-C diagram. We detected another modulation with a period of about 1160 d. The star also shows significant power in the low-frequency region that we identified as granulation noise. The effective timescale of the granulation agrees with the extrapolated scalings of red giant stars. Non-detection of solar-like oscillations indicates that the pulsation inhibits other oscillations. We obtained new radial velocity observations which are in a perfect agreement with previous years data, suggesting that there is no high mass star companion of V1154 Cygni. Finally, we discuss the possible origin of the detected frequency modulations.
INTRODUCTION
There is only one genuine Cepheid variable in Kepler field: V1154 Cyg (KIC 7548061). It has a mean V brightness of ∼9.1 mag and a pulsation period of ∼4.925 d. Its brightness variation was discovered by Strohmeier, Knigge & Ott (1963) . Further multicolor photoelectric and CCD photometric observations were published by Wachmann (1976) ; Szabados (1977) ; Arellano Ferro et al. (1998) ; Ignatova & Vozyakova (2000) ; Berdnikov (2008) ; Pigulski et al. (2009) , while radial velocity data were published by Gorynya et al. (1998) ; Imbert (1999) . Detailed spectroscopic analysis was performed by Luck, Kovtyukh & Andrievsky (2006) and Molenda-Żakowicz, Frasca & Latham (2008) who determined the basic atmospheric parameters. Jerzykiewicz (2013) has derived the radius and distance using Baade-Wesselink technique as 44.5 ± 4.1 R⊙ and 2100 ± 200 pc.
Although V1154 Cyg was already observed from space by the Hipparcos satellite (ESA 1997) and OMC onboard INTEGRAL, ⋆ E-mail: derekas@gothard.hu the accuracy of these observations is behind compared to the Kepler photometry. The first results based on the first four quarters of Kepler data were published by Szabó et al. (2011) who found V1154 Cyg to be single periodic. The frequency analysis did not reveal any additional pulsation frequency while the period remained stable during the last 40 years. Derekas et al. (2012) analysed 600 days of Kepler data. The data revealed cycle-to-cycle fluctuations in the pulsation period, indicating that classical Cepheids may not be as accurate astrophysical clocks as commonly believed. A very slight correlation between the individual Fourier parameters and the O-C values was found, suggesting that the O-C variations might be due to the instability of the light-curve shape. This period jitter in V1154 Cyg represents a serious limitation in the search for binary companions as the astrophysical noise can easily hide the signal of the light-time effect.
Later, Evans et al. (2015) also studied the light curve stability of RT Aur, a fundamental mode and SZ Tau, an overtone mode Cepheid based on MOST data. They found cycle-to-cycle light curve variation of SZ Tau and argued that it is the instability in the pulsation cycle and also a characteristic of the O-C curves of over- tone pulsators whose oscillation seems to be less stable than that of the fundamental mode pulsator at both long and short timescales.
The latest study of V1154 Cyg was performed by Kanev, Savanov & Sachkov (2015) using the 4 years of long cadence Kepler data and studied the light curve by using Fourier decomposition technique. They found that the Fourier parameters R21 and R31 (see in Sect. 3.2) show modulation with a period of 158.2 d. They concluded that this modulation of the light curve is very similar to the phenomenon of the Blazhko effect in RR Lyrae stars.
In this paper, we present the analysis of V1154 Cyg using the whole Kepler dataset spanning 1460 d of continuous observations. In Sect. 2, we briefly describe the data used and details of the pixellevel photometry. In Section 3 we present the results of the Fourier analysis and the Fourier decomposition of the light curve, while the construction of the O-C diagram is shown Section 4. We combined our new radial velocities (RVs) and previous RV data in Section 5. In Section 6 we discuss the detection of granulation noise, its properties and the origin of the frequency modulation. In Sect. 7 we summarize our results.
KEPLER OBSERVATIONS
The photometric data we use in our analysis were obtained by the Kepler space telescope. The telescope was launched in March 2009 and designed to detect transits of Earth-like planets. A detailed technical description of the Kepler mission can be found in Koch et al. (2010) and Jenkins et al. (2010a,b) .
The Kepler space telescope originally observed a 105 square degree area of the sky in the constellations Cygnus and Lyra, and has two observational modes, sampling data either in every 58.9 s (short-cadence whose characteristics was analysed by Gilliland et al. 2010) or 29.4 min (long-cadence, hereafter LC), providing quasi-continuous time series for hundreds of thousands of stars. V1154 Cyg was observed in LC mode during the entire mission (Q0-Q17) spanning 1470 days. Data obtained during Q0 (covering 10 days altogether) have been omitted because an unidentified timing error would have falsified the results, truncating the useful data set to 1460 d. The star was also observed in short cadence (SC) mode in 8 quarters (Q1, Q5, Q6, Q13-Q17).
We note that we use magnitude scale in the analyses in Sections 3 and 4 because it is commonly used in the study of the classical variables like Cepheids. However, we use flux scale in Section 6 because it is generally used in studying solar-like oscillations.
Cepheid pixel photometry
We applied our "tailor-made" aperture photometry to the 4 year long Kepler pixel data. This method already proved to be useful in the Kepler RR Lyrae data processing (Benkő et al. 2014; Benkő & Szabó 2015) and it is described in detail in those works.
Briefly, we check the flux variations for the individual pixels separately, and include all that contain the stellar signal in the aperture for a given quarter. The apertures defined by the pixels that clearly contain the flux variation of the targets are typically larger than the pre-defined optimal apertures, and provide more precise light curves. Thus we performed a detailed investigation of the flux variation curves in the individual pixels of the target pixel data and we found that the variability of V1154 Cyg is dominant in all pixels in the pixel mask in each quarter. This implies a significant flux loss due to the tight mask, similar to the case of some RR Lyrae stars (Benkő et al. 2014) .
The target pixel mask contains two other stars, one of which falls exactly in the charge blooming columns of V1154 Cyg, therefore it is not possible to avoid contaminations. However, the other star, 2MASS J19481541+4307203, which is a variable, can be separated. We examined the effect of separating this second star carefully. We defined a tailor-made aperture for this star too, and we found that within this aperture the flux from V1154 Cyg is a factor of ten larger than that of the examined star itself. We concluded that the removal of pixels containing 2MASS J19481541+4307203 causes larger uncertainties in the data than its contamination. Furthermore, the few mmag-level light variations of this star do not affect our analysis, and cannot be responsible for any modulation detected in the light curve of V1154 Cyg. Therefore, we decided to include these pixels in the total aperture and use all the pixels of the target pixel mask.
Our quarter stitching and scaling method was identical to the technique of Benkő et al. (2014) . The last step before the analysis was the de-trending process. Instead of using a polynomial fit or moving average technique we found an alternative method to be more suitable. We calculated the mean of the upper and lower envelopes of the light curve and then subtracted it. A sample of the final light curve is presented in Fig. 1 .
LIGHT CURVE ANALYSIS
Having four years of continuous photometric data, it is possible to study the long term stability of the light curve. First, we performed the frequency analysis of the dataset, then we calculated the Fourier parameters of each pulsation cycle to study changes in the light curve shape.
Frequency analysis
The frequency content of the light curve of V1154 Cyg was investigated with the standard Fourier transform method by using PE-RIOD04 (Lenz & Breger 2005) . Least-squares fitting of the parameters was also included and the signal-to-noise ratio (S/N ) of each frequency was calculated following the method of Breger et al. (1993) .
We detected 28 significant frequencies altogether, following The residual frequency spectrum after subtracting 28 frequencies. The red line shows the significance limit. Note the change in the scale (i.e. mag vs. millimag) on the vertical axis.
the recipe of Breger et al. (1993) . The frequencies, amplitudes and phases are listed in Table 1 , while the frequency spectrum is shown in Fig. 2 . The most striking peaks in the frequency spectrum are the main pulsation frequency at f1 = 0.2030246 c/d and its harmonics up to the 11th order with very low amplitudes. We identified modulation of the main pulsation frequency and its second and third harmonics (see last column in Table 1 ) with a modulation frequency of fm1 = 0.0063 c/d (corresponding to ∼ 159 d). This periodic modulation was also detected in the Fourier parameters (Sect. 3.2) and in the O-C diagram (Sect. 4).
We also detected another modulation of the main pulsation frequency with fm2 = 0.00086 c/d (∼ 1160 d). We note that this modulation is relatively close to the length of the whole dataset, but it is definitely shorter by 300 days. Future observations may reveal its true nature.
Fourier parameters
In order to study the change of the light curve shape we used the technique of Fourier decomposition and examined the temporal variation of the Fourier parameters. For this, we fitted an eighthorder Fourier polynomial at the primary frequency and its harmonics for each pulsation cycle:
where m is the magnitude, A is the amplitude, f is the frequency, t is the time of the observation, φ is the phase and index k runs from 1 to 8. Then we characterised the light curve shapes with the Fourier parameters (Simon & Lee 1981) , of which we show particular results for R21 = A2/A1, R31 = A3/A1, as well as φ21 = φ2 − 2φ1, and φ31 = φ3 − 3φ1. The top three panels in Fig. 3 show the amplitude change and the variations of the R21 and R31 quantities, while the bottom two panels in Fig. 3 show the relative variations of φ21 and φ31. All the examined Fourier quantities and the A1 amplitude show cycle-to-cycle variations as it was shown by Derekas et al. (2012) . In addition, we found periodic variations of the amplitudes and each Fourier quantity. We used PERIOD04 by Lenz & Breger (2005) and determined that period of the variation is P mod = 158.1 ± 0.7 d for R21, P mod = 158.1 ± 1.2 d for R31, while P mod = 159.9 ± 2.3 d for φ21 and P mod = 158.1 ± 2.1 d for φ31. The period of the amplitude variation is slightly shorter, 0.196700(6) 0.554 (14) 0.3927(25)
0.209354(10) 0.319 (13) 0.884(4) P mod = 157.3 ± 1.6 d. The differences likely arise from the presence of strong period jitter in the data. We conclude that there is a periodic modulation with an average period of ∼ 159 d which was also detected in the frequency analysis (Sect. 3.1). Our findings agree with the period calculated from smoothed Fourier parameters by Kanev, Savanov & Sachkov (2015) . The frequency spectrum of R21 is shown in the top panel of Fig. 4 . We also used an alternative technique to determine the time dependence of the Fourier parameters, the analytical function method (Gábor 1946) . The calculation is made in the Fourier space applying a filtering window around the examined frequency, and then fitting an assumed complex function in the form of m(t) = A(t) e iφ(t) (Kolláth & Buchler 2001; Kolláth et al. 2002) . This method provides instantaneous A(t) amplitudes and φ(t) phases for the main pulsation frequency and its harmonics. The results of the analytical function analysis were identical to the ones mentioned above, confirming that the modulation exists in the data set, as the frequency spectrum of the f1(t) = dφ1(t)/dt parameter in the lower panel of Fig. 4 shows. We note that the width of the filtering window acts as a low-pass filter and limits the temporal resolution of the method: in this case the cutoff appears above 0.02 d −1 . 
THE O-C DIAGRAM
Our previous papers Derekas et al. 2012 ) have already revealed short time-scale (even cycle-to-cycle) fluctuations in the pulsation period. Those papers were based on only partial Kepler data covering one and two years, respectively. As the Kepler space telescope continued collecting data until May 2013, the whole sample on V1154 Cygni covers four years. In addition to the LC data, V1154 Cyg was also observed in SC mode in 8 quarters, resulting in a superb coverage of photometric variations. The SC data of this Cepheid have not been studied before.
The analysis of the whole data set can be instrumental in confirming the strange behaviour revealed in this classical Cepheid and can lead to the discovery of additional peculiar phenomena unobservable in the previously studied shorter data segments.
The (in)stability of the pulsation period was studied by the method of the O-C diagram described in Derekas et al. (2012) . However, instead of constructing multiple O-C diagrams for various light curve phases, here we only studied temporal behaviour of the median brightness on the ascending branch whose moment can be determined much more accurately than that of other features on the light curve (see Derekas et al. 2012) .
O-C diagrams have been constructed for both LC and SC data (top panel and bottom panel of Fig. 5 , respectively, see also Tables 2-3). The O-C differences for individual moments of median brightness on the ascending branch have been calculated by using the ephemeris: C = BJD (2454969.73958 ± .00058) + (4.925454 ± 3 · 10 −6 ) E. This ephemeris has been obtained by a weighted linear least squares fitting to the original O-C differences calculated by an arbitrary ephemeris. The scheme of weighting was very simple: normally a weight of unity is assigned to an O-C value. If, however, the light curve has not been perfectly covered near the brightness minimum and/or the subsequent brightness maximum, half weight is assigned to the relevant O-C difference. A jump exceeding one in the epoch numbering means that data are missing near minimum, median, or maximum brightness of the given (intermediate) pulsation cycle(s).
An immediate important result is related to the period value obtained by the weighted linear least squares fit. The average value of the pulsation period during the whole 4-year interval, 4.925454 d, is identical with the one obtained from the first year data in Derekas et al. (2012) . This points to the long-term stability of the pulsation period.
Study of the short time scale behaviour of the periodicity indicates that the instability of the pulsation from cycle to cycle keeps continuing. The dispersion of the O-C differences is about half an hour (0.004 P ) in both O-C diagrams (Fig. 5) .
The comparison of the O-C diagrams for LC and SC data (top panel and bottom panel of Fig. 5, respectively) shows that the scatter is real: the same patterns can be revealed in both diagrams (see especially the interval between BJD 2455300 and BJD 
2455500).
Although the SC and LC data are not independent as both are summed from the same individual exposures, the sampling frequency of the SC light curve is much higher. The O-C diagram for SC data is generally more accurate than its counterpart for the LC data, as beating between the sampling and the pulsation period decreases. Nevertheless, the dispersion of the O-C differences is practically the same in both diagrams. This fact also refers to reality of the period jitter.
NEW RADIAL VELOCITIES
We obtained new spectroscopic observations in order to investigate the spectroscopic binary nature of V1154 Cyg. We took spectra with the new ACE spectrograph installed in 2014 on the 1 m RCC telescope at Piszkéstető Observatory (PO), Hungary. It is a fiberfed spectrograph observing in the range of 4150-9150Å with a resolution of 20 000. Thorium-Argon (Th-Ar) lamp is available for the accurate wavelength calibration.
We took nine spectra of V1154 Cyg on six nights in March and June 2015. The average S/N of the spectra is ∼30. All spectra were reduced using IRAF 1 standard tasks including bias and flat field corrections, aperture extraction, wavelength calibration (using Th-Ar lines) and barycentric correction. We then normalised the continuum of the spectra. RVs were determined by the crosscorrelation method using metallic lines in the region between 4800 and 5600Å. We fitted the cross-correlated line profiles with a Gaussian function to determine the RVs, listed in Table 4 . Since these are the first published RV data obtained with this new instrument, here we briefly review the performance of the telescope and spectrograph system. We estimate the accuracy and precision of the measurements using observations of the RV standard β CVn (V rad = 6.259 km s −1 , Nidever et al. (2002)) obtained each night when V1154 Cyg was observed. The S/N of the β CVn spectra is typically ∼60.
We processed the RV standard observations the same way as described for V1154 Cyg. The obtained radial velocities of β CVn are listed in Table 5 . The errors given in Tables 4 and 5 correspond to the standard zero-point error of the fitted Gaussian function. The mean and standard deviation of the measurements is 6.41 ± 0.36 km s −1 , in agreement with the literature value. The standard deviation is twice larger than the precision of the individual observations. This is explained by the systematic errors introduced by the ThAr RV calibration, normalisation uncertainties and the choice of the line mask for the cross-correlation. The bias introduced by the latter two was estimated by performing the normalisation in several different ways, and calculating the cross-correlation with different sub-sets of the full line list. The effects of the choice of normalisation and line mask are 0.03 km s −1 and 0.2 km s −1 , respectively. We conclude that the wavelength calibration system does not have a systematic zero-point error larger than 0.36 km s −1 . Due to the significant temperature variations, the spectral type of V1154 Cyg changes somewhat during the pulsation, which introduces further pulsation-phase dependent systematic errors, similarly to those caused by the line mask choice. Therefore, we estimate the total systematic and random errors of the RVs of V1154 Cyg to be 0.5 km s −1 .
DISCUSSION

Any secondary component?
We checked whether the ∼159 d modulation is caused by the presence of a companion star. Assuming that the ∼159 d modulation seen in the O-C diagram is caused by the light-time effect, i.e. to orbital motion in a binary system, and circular orbit, we can calculate the RV amplitude of the Cepheid variable. The semi-amplitude of the O-C in Fig. 5 is A (O−C) = 0.0038 d, so the expected RV amplitude is ∼45 km s −1 . This γ-velocity variation is clearly not seen in Fig. 6 , nor in Fig. 14 in Szabó et al. (2011) , where all the RV data are collected from the literature.
Therefore, we can conclude that the detected ∼159 d modulation is not due to the presence of a companion star.
Blazhko-like modulation(s) of V1154 Cygni
As we mentioned previously, the ∼ 159-d modulation was detected both in the Fourier parameters and in the O-C variations. The variation of the Fourier parameters corroborates our previous finding of light curve shape variations in this Cepheid. We note that the existence of light curve shape variation resembles the one seen in RR Lyrae stars caused by the Blazhko effect (e.g. Kepler: Kolenberg et al. (2011) ; CoRoT: Guggenberger et al. (2011)), and the simultaneous, cyclic frequency variation and light curve shape deformation also points to a Blazhko-like mechanism.
Although Blazhko-like variations are very rare among singlemode Cepheids, there are a few such objects that may display similar modulation. The most prominent example within the Milky Way is V473 Lyr (Molnár et al. 2013; Molnár & Szabados 2014) , which pulsates in the second overtone and has also two distinct modulation periods, 1204 d and 14.5 yr. Another well-known example is Polaris (α UMi) that went through a low-amplitude phase during the last few decades (Bruntt et al. 2008) . However, even if the variations in Polaris eventually turn out to be periodic, they would represent an extreme case of centuries-long modulation. Recently, a few more promising candidates have been found, such as SV Vul that shows a ∼ 30 year cycle in its pulsation period and possibly in its amplitude too (Engle 2015) . However, these stars have cycle lengths in the range of decades and will require further observations to determine the exact nature of period and amplitude changes. A slightly different candidate is ℓ Car where changes in the RV amplitude were observed over the span of only two years, suggesting a shorter timescale, similar to V1154 Cyg, although no cycle length was determined for the star itself (Anderson 2014) .
We also note that several single-mode Cepheids within the Magellanic Clouds display periodic amplitude variations. However, most of them show only a single frequency peak next to the pulsation frequency, instead of symmetrical triplets, suggesting that in those cases the modulation is likely caused just by the beating between two closely-spaced pulsation modes (Soszyński et al. 2008; Moskalik & Kołaczkowski 2009) . Recently, ?) described three Cepheids in the Large Magellanic Cloud that appear to show proper Blazhko-effect akin to that of V473 Lyrae, with modulation periods in the 1000-5000 d range.
Whether these stars are modulated by the same mechanism as RR Lyrae stars is not known yet. It also remains open whether the strongly modulated, second-overtone star V473 Lyr, and V1154 Cyg, which pulsates in the fundamental radial mode, share the same physical explanation of their variation. Nevertheless, the phenomenological similarity points towards a common mechanism.
The granulation noise
After prewhitening with the pulsation and modulation peaks, we are left with a Fourier spectrum that still contains significant power distributed into a forest of peaks between 0.0 and about 1.0 d −1 frequency interval, increasing towards zero frequency (Figures 7  and 9 ). Some part of this residual power likely comes from the inaccuracies of stitching the Kepler quarters together, but the experience with RR Lyrae light curves suggests that instrumental signals mostly manifest as few discrete peaks related to the length of the quarters and the orbital period of Kepler, especially if the light curve contains quarter-long gaps (Benkő et al. 2014) . In this case, however, we see a combination of a wider, red noise-like component (∼ f −2 ) with additional increases around the positions of the nf1 frequency peaks.
In stars that show solar-like oscillations, red noise is usually attributed to granulation, the overall effect of many convective cells appearing and disappearing in the photosphere. For the smaller red giants, up to about 25 R⊙, we are now able to disentangle solar-like oscillations and granulation on a regular basis with data from photometric space telescopes like Kepler (see, e.g., Mathur et al. 2011; Kallinger et al. 2014) . For the largest, nearby red supergiants, such as Betelgeuse (α Ori) we can obtain direct observations via disk-resolved imaging or interferometry that show actual hot spots on the surface, and compare those to model calculations (Chiavassa et al. 2010) . Cepheids also possess envelope convection zones, therefore it is reasonable to expect that some form of granulation can occur in them as well. Furthermore, they lie between the oscillating red giants and the red supergiants in terms of size and mass, so comparison with both groups may be of importance. Visible-light observations obtained with the WIRE space telescope suggested a small low-frequency excess in Polaris that was presumed to originate from granulation (Bruntt et al. 2008 ). However, both the frequency resolution and the precision of those data were much lower than that of V1154 Cyg.
We computed the power density spectrum of the star after removing the pulsation and modulation signals from the light curve. Kallinger & Matthews (2010) followed a similar procedure for δ Scuti stars: first they prewhitened the data with 10 strongest frequency components, and then showed that the residual fre-quency spectra can be adequately described as a sum of granulation noise and a moderate number of pulsation modes. In the case of V1154 Cyg, we removed 28 frequency components and continued the analysis of the residual light curve. We filled the gaps in the residual light curve with linear interpolations, following the recipe of Kallinger et al. (2014) to avoid leaking excess amplitude into the high-frequency regime through the wing structures of the spectral window. In addition, we calculated similar power density spectra for a few RR Lyrae stars as comparison, after prewhitening with the main harmonics and the modulation triplet peaks (fn ± fm). The power density spectra of the RR Lyrae stars turned out to be flat, lacking any signs of excess noise that may arise either from granulation or instrumental effects, indicating that the signal in V1154 Cyg is intrinsic to the star.
The granulation noise was first modeled for the Sun by Harvey (1985) . He concluded that the autocovariance of the granulation velocity field follows an exponential decay function, leading to a Lorentzian profile in the power density spectrum of the measured variations (note that the original notation there uses ν for frequency instead of f ):
where τgran is the characteristic time scale and σ is the characteristic amplitude of the granulation. The numerator, Pgran = ζ στ 2 gran is defined as the amplitude of granulation power, with ζ being a normalisation factor that depends on the value of α (Kallinger et al. 2014 ). For α = 2 and α = 4, ζ can be analytically calculated to be 4 and 4 √ 2, respectively. Harvey (1985) originally employed α = 2, i.e., a true Lorentzian function. Since then, several methods have been developed to investigate the granulation background of other stars (e.g., CAN: Kallinger et al. 2010; OCT: Hekker et al. 2010; SYD: Huber et al. 2009 ). An important modification is that nowadays most methods use different exponents in the denominator that are usually higher than 2, called 'super-Lorentzian' functions. We tested various prescriptions based on the comparative study of Mathur et al. (2011) . The results are summarised in Figure 7 : as the bottom panel shows, the original, single-component, α = 2 function of Harvey (1985) , and the SYD method (a combination of α = 2 and 4 functions) does not fit the data well. If we use the OCT method and use α as a free parameter, we find a fairly good fit at α = 2.70. The CAN method (top panel) that combines three α = 4 functions fits the data well too. In all cases the region with excess amplitude, between 2-8 µHz (0.17-0.69 d −1 ) has been excluded from the fit.
With the invention of different methods, the comparison of various τ values became problematic. In the case of the CAN method, for example, τ2 = τgran, but the other two τ parameters have less well defined physical meanings. To solve this issue, Mathur et al. (2011) proposed to calculate an effective timescale (τ eff ) instead, the e-folding timescale of the autocorrelation function. In the case of V1154 Cyg, we found that τ eff = (3.0±0.4) 10 
Granulation properties
To investigate the derived granulation parameters, we compared them to the red giant sample presented by Mathur et al. (2011) and the well-observed supergiant, Betelgeuse (Figure 8) . For the latter star, we analyzed the visual light curve data from the AAVSO (American Association of Variable Star Observers) database. The power density spectrum of Betelgeuse exhibits an obvious slope that can be fitted with various granulation noise curves. The light variations of the star are complicated by the semiregular variations, so we did not attempt a detailed analysis in this paper, instead we estimated τ eff only. Different fits to the autocorrelation function re- sulted in values between 120 and 435 d. We settled for a value of τ eff ≈ 280±160 d. Despite the large uncertainty, this confirms that the granulation timescale in red supergiants is in the range of a year. It is also in agreement with the 400-day timescale of convective motions in Betelgeuse, derived from line bisector variations (Gray 2008) . Mass, radius, and logg data for Betelgeuse are from the studies of Lobel & Dupree (2000) and Neilson, Lester & Haubois (2011) . Figure 8 shows that the scaling between the derived effective granulation timescale, τ eff and log g is acceptable for both stars: they fall close but somewhat above the extrapolated power law based on the red giant data. Similar, but less tight scaling can be observed with the radius and mass as well. The effective temperature plot, on the other hand, is dominated by stellar evolution and it reproduces the positions of the stars in the Hertzsprung-Russell diagram instead.
For V1154 Cyg we have a reliable estimate for the granulation power (Pgran) too. The ratio of the two quantities, Pgran/τ eff , is related to the variance of the intensity variations over the stellar surface. This ratio is ≈ 0.9 for the Cepheid but it is ∼ 10 for red giants with similar log g values (see Figure 5 by Mathur et al. 2011) . The difference can be attributed to various factors, e.g. lower contrast between cool and dark regions, or smaller cell sizes, leading to stronger cancellation effect over the surface.
Non-detection of solar-like oscillations
The observations of Kepler revealed that solar-like oscillations in red giant stars have larger amplitudes and lower characteristic frequencies as the mass and size of the stars increase (Huber et al. 2011) . At first we searched for regular frequency spacings, a characteristic feature of the stochastically-driven oscillations, in the residual spectrum, but we found no significant patterns. Then we calculated the approximate range of fmax (or νmax, in the notation used for solar-like oscillations), the frequency and amplitude of maximum oscillation power for V1154 Cyg, assuming a mass range of 4-8 M⊙, based on the scaling relations of Huber et al. (2011) . For this Cepheid, fmax would be between 5-10 µHz, with an associated amplitude increasing from a minimum of 80 ppm to roughly 500 ppm, as the assumed fmax decreases. However, after we removed the granulation noise from the residual Fourier spectrum of V1154 Cyg, the remaining signals are about a factor of 4-5 smaller than the expected oscillation amplitudes in the entire frequency range. The only discernible features between 5-10 µHz are the small excesses around the positions of the 3f1 and 4f1 frequency peaks. This result suggests that large-amplitude, coherent stellar pulsation suppresses or completely blocks solar like oscillations in Cepheids. Inhibition of regular oscillations was also observed in compact triple-star systems where tidally induced oscillations are excited instead (Derekas et al. 2011; Fuller et al. 2013) .
The remaining signals in the Fourier-spectrum are the broad forests around the positions of the pulsation frequencies. Forests of peaks indicate a non-coherent signal, therefore we fitted the posi- tions of the first four harmonics from f1 to 3f1, with Lorentzian profiles added to the granulation noise ( Figure 9 ). The full width at half maximum values of the profiles indicates that the lifetime is τ = 1/πΓ = 4.5 ± 0.4 d. The origin of these profiles is not completely clear: they could originate from the pulsation jitter, but the Eddington-Plakidis test conducted in the previous study of V1154 Cyg indicate that the fluctuations average out on a longer time scale of 15 d (Derekas et al. 2012 ). Another possibility is that the signal originates from the interaction between granulation (e.g., convective motions) and stellar pulsation. Residual spectrum Granulation noise Gran. noise + profiles Figure 9 . The residual Fourier spectrum of V1154 Cyg with two different fits: the orange dashed line is the granulation noise profile only, the blue line is granulation plus Lorentzian profiles at the broad excesses.
SUMMARY
In this paper, we presented the analysis of the Kepler field Cepheid V1154 Cyg using the whole available long and short cadence Kepler photometry spanning 1460 d (omitting data from Q0). For the analysis, we applied aperture photometry to the Kepler pixel data. The main results are summarised as follows:
• The Fourier analysis yielded 28 frequencies. The main pulsation frequency is at f1 = 0.203027 c/d. Besides identifying the harmonics of f1, we also detected the modulations of f1, f2, f3 with a period of ∼159 d and ∼1160 d, respectively.
• In order to study the light curve shape we calculated the Fourier parameters of each pulsational cycle. We concluded that there is a periodic variations of the amplitude and each Fourier quantity with an average period of ∼159 d.
• Besides the short term fluctuation of the O-C diagram (which was first detected in Derekas et al. (2012) ), we detected some periodic variations with ∼159 d.
• We identified the residual power at low frequencies as granulation noise, and determined its effective timescale to be τ eff = 3.5 ± 0.5 d. The timescale agrees with the scalings with fundamental physical parameters observed in red giants quite well.
• We did not detect any signs of solar-like oscillations, down to levels 4-5 times smaller than the expected oscillation amplitudes, suggesting that coherent pulsations suppress oscillations in Cepheids.
• We obtained new radial velocity data and compared them with previous data from Derekas et al. (2012) and did not find any γ-velocity change. The radial velocities also revealed that the ∼159 d modulation is not caused by the presence of a companion star.
The findings presented in this paper offer tantalising clues about the intimate connection between pulsation and convection in Cepheids. The presence of modulation, period jitter, and granulation, and the apparent lack of evanescent oscillations indicate that several questions still surround the internal behaviour of these stars. The maturation of multi-dimensional hydrodynamic models promise that theoretical studies will soon be able to tackle these problems (Mundprecht, Muthsam & Kupka 2015) . From the observational side, further examples for these effects will require long, continuous, high-precision measurements that space-based missions can provide. The TESS mission will collect data for about one year in the continuous viewing zones (CVZ) around the Ecliptic Poles (Ricker et al. 2014 ). The Southern CVZ contains one bright Cepheid, β Dor that could be subject of similar studies. However, we likely have to wait until the start of PLATO (Rauer et al. 2014) to target more Cepheids and to match the unique capabilities the original Kepler mission provided.
